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An evaluation of the effects of feeding programs with three amino acid (AA) densities
given to males and females from a fast growth broiler breed was conducted. A total of
1200 CobbCobb 500 broilers were distributed across 6 treatments in a 23 factorial
arrangement (SexAA Density) with 8 replications of 25 birds per pen. Maize–soybean
meal, provided from 1 to 7, 8 to 21, 22 to 35 and 36 to 42 d of age, was formulated
without crude protein restriction maintaining minimum ratios between essential AA
and Lysine (Lys) in a true digestible (dig) basis as follows: total sulfur AA, 0.75;
threonine, 0.65, valine, 0.75 (from 1 to 21 d) and 0.78 (from 22 to 42 d). Experimental
treatments were Low (L), Moderate (M) and High (H) AA density diets with M having
dig Lys of 1.25, 1.19, 1.09 and 1.05% in the pre-starter to withdrawal phases,
respectively. Diets L and H had reductions and increases of 12% dig Lys in relation to
the Moderate diet. There were no effects of treatments on mortality (P40.05) and
males had an overall better performance than females (Po0.001). No interactions were
observed between SexAA density, with the exception of feed intake (1–42 days) and
abdominal fat, which were further reduced with males as AA density increased than
with females (Po0.01). Body weight gain was affected by AA density (P¼0.0308) with
birds fed L diets being lighter than those fed H and M diets. Feed conversion ratio (FCR)
was improved (Po0.05) as AA density increased. Carcass and breast meat percentages
were higher for females (Po0.01) and percent breast yield was highest for the H diet
and lowest for the L diet, whereas the M diet was in between. Abdominal fat was
reduced with H diet (Po0.05) for males but not for females. The decision making
process to change AA density in the diet towards a higher density AA diet will depend
on the price of feed ingredients and broiler meat.
& 2012 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
The CobbCobb 500 broiler is a modern commercial
breed characterized by a fast initial growth and compe-
titive breast meat yields at various processing ages when
compared to other commercial strains presently grownniversidade Federal
lsevier OA license.around the world (Coneglian et al., 2010). This is a
popular breed worldwide and particularly in Brazil where
broilers are grown to a large variety of body weights to
meet the demands for domestic and international markets
(ABEF, 2010).
Amino acid (AA) concentrations in broiler feeds vary
signiﬁcantly between broiler producers. One reason for
this is the known variable response of different modern
broiler strains to dietary AA densities (Corzo et al., 2005;
Coneglian et al., 2010; Kidd et al., 2004) and then the
possibility of obtaining better economic returns with the
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between genetic strains (Smith and Pesti, 1998). Also,
given that ingredient and meat market prices vary con-
stantly, alternations in AA densities in feeds may prove to
be an important strategy to maintain proﬁtability, regard-
less of the genetic inﬂuence.
Feed is by far the largest cost involved with broiler
production. Therefore, there has been a focus on increas-
ing AA density in the initial feeding phases, where feed
consumption is low, with lower AA densities being fed in
the later feed phases where feed consumption is high
(Kidd et al., 2004). Early post-hatching nutrition has been
the target of many studies since breast muscle is very
sensitive to nutrient deﬁciency at this age (Halevy et al.,
2000). However, full beneﬁts obtained in live performance
when broilers are fed high protein in pre-starter diets
(1–7 days) may not persist till 6 weeks of age (Vieira et al.,
2004a). Maintaining the gains on breast muscle obtained
with the use of high AA density diets fed early throughout
the bird’s life will likely depend on the nutritional density
used in the later growth phases.
Several studies have reported responses of feeding
increased AA densities for slow early growth broiler
strains (Corzo et al., 2005; Dozier et al., 2006a,b; Dozier
et al., 2008a; Kidd et al., 2004). Fewer assessments,
however, have been done with broiler genetics that
present fast early growth, such as the CobbCobb 500.
Recently, Corzo et al. (2010) evaluated feeding programs
with increased AA densities for the CobbCobb 500
broilers and observed improvements in most growth
performance indexes with a non feather-sexable Cobb
500 broiler.
In the current study, CobbCobb 500 feather-sexable
slow feathering male and female broilers were fed maize–
soybean meal diets formulated based on average AA
densities used commercially in Brazil (Moderate feeding
program, M) as well as 12% above (High feeding program,
H) and 12% below (Low feeding program, L). The objectives
of this trial were to compare growth performances and
processing yields of broilers to body weights demanded by
the international market of birds fed H, M, and L treat-
ments. We hypothesize that male broilers respond with
improved live performance and with increased carcass
yields to diets having increased AA density.
2. Materials and methods
All procedures in this trial were approved by the Ethics
Commission on the Use of Animals of the Universidade
Federal do Rio Grande do Sul.
2.1. Broiler Husbandry
A total of 1200 one-day-old CobbCobb 500 feather-
sexable-slow feathering broiler chicks, 600 per sex, were
randomly distributed into 48 pens (1.601.65 m2; 25
birds/pen, 9.46 birds/m2), in an open sided broiler house.
Each pen had pine shavings that had been used previously
for another ﬂock and it was equipped with one tube
feeder and one bell drinker. Chicks were vaccinated for
Marek’s disease at the hatchery. Temperature was set at32 1C at placement and was gradually reduced to ensure
comfort throughout the experiment using a thermostati-
cally controlled furnace heater as well as fans and foggers.
Birds were reared under a continuous lighting program
from placement till 7 days, and 16:8 h light:dark cycle
thereafter. Birds had ad libitum access to water and feed
was offered as mash.
2.2. Treatments
Prior to feed formulation, duplicate ingredient samples
were analyzed for AA content, using HPLC based metho-
dology (Shimadzu Corporation, Kyoto, Japan) (Hagen et al.,
1989; White et al., 1986). Feeds were formulated based on
the analyzed AA density using linear feed formulation
without crude protein restriction and AA digestibility
coefﬁcients from Rostagno et al. (2005). Diets were mixed
in 350 kg batches. A four phases feeding program was
used as follows: 1–7 (pre starter), 8–21 (starter), 22–35
(grower) and 36–40 (ﬁnisher) days of age. Experimental
diets were formulated using nutrient requirement data
obtained from a representative number of Brazilian nutri-
tionists responding to a survey on dietary programs used
in their commercial operations. Digestible lysine (dig Lys)
and ratios of essential AA to lysine (Lys) on a digestible
basis as well as the other nutrients and AME used in the M
feeding program were based on the results of the survey.
Pre starter, starter, grower and withdrawal diets had dig
Lys set at 1.25, 1.19, 1.09 and 1.05%, respectively. Diets for
the H and L feeding programs were formulated such that
only AA were increased or decreased as compared to the
M feeding program diets. A 12% increase (H) or decrease
(L) in dig Lys was implemented (Table 1). This range was
used because it represented the minimum and maximum
dig Lys levels found in the survey. Ratios of essential AA to
Lys were as follows: total sulfur AA, 0.75; threonine, 0.65,
valine, 0.75 (from 1 to 21 d) and 0.78 (from 22 to 42 d).
Each of the six treatments (2 sexes3 AA density diets)
was provided to eight replicate pens. Diets were analyzed
in duplicate for AA as speciﬁed for ingredients and for 2-
hydroxy-4-(methylthio) butanoic acid following the
method described by Ontiveros et al. (1987).
2.3. Live performance and processing
Growth performance [body weight gain (BWG), feed
intake (FI), feed conversion ratio (FCR) corrected for
mortality] was determined at 28 and 40 days using each
pen as the experimental unit and mortality was recorded
daily. These ages were chosen to provide body weights
typically used for the small broiler chicken griller market
(28 days) and the deboned breast meat market (40 days).
At 40 days of age, 10 birds were randomly obtained from
each pen, fasted for 8 h, and weighed individually for on
line processing. Birds were stunned with 45 V for 3 s, and
then bled for 3 min after a jugular vein cut, scalded at
60 1C for 45 s and then feathers were mechanically
plucked. Evisceration was manually done on line and
carcasses were static chilled in slush ice for approximately
4 h. Carcasses were hung for 3 min to remove excess water
prior to weighing (with abdominal fat, lungs and kidneys,
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fat was then removed from the carcasses and weighed.
Cutting and deboning was conducted by trained personnel
from a commercial processing plant following established
procedures to produce the following commercial parts:
deboned breast meat with skin (Pectoralis major plus
Pectoralis minor muscles) and bone-in thighs, drumsticks
and wings. Carcass yields were expressed relative to live
weight, whereas cut out parts were expressed relative to
the whole carcass weight. Birds were not processed at 28
days.2.4. Statistical analyses
The experiment was a completely randomized design
of 6 treatments resulting from a 23 factorial arrange-
ment of sexAA density. Data were submitted to a two-
way analysis of variance using the GLM procedure of
SAS Institute (2001). Pen was considered as the experi-
mental unit. Means separation was done using Tukey
multiple-range test when the model effect was signiﬁcant
(Tukey, 1991). Mortality and carcass data were arcsine
transformed prior to statistical analysis. Statistical signif-
icance was considered at Pr0.05.Table 1
Composition of experimental diets, as is basis.
Ingredients (%) 1–7 d 8–21 d
Low Moderate High Low Mod
Maize 61.82 53.26 44.66 62.94 54.9
Soybean meal 31.66 38.94 46.26 29.53 36.3
Soybean oil 1.96 3.36 4.77 3.22 4.5
Dicalcium phosphate 2.13 2.09 2.06 2.01 1.9
Limestone 0.90 0.86 0.82 0.86 0.8
Sodium bicarbonate 0.55 0.29 0.04 0.46 0.2
Common salt 0.16 0.33 0.51 0.17 0.3
MHAa 0.33 0.40 0.47 0.30 0.3
L-Lysine HCl 0.21 0.19 0.16 0.21 0.1
L-Threonine 0.05 0.06 0.06 0.05 0.0
Choline chloride 0.06 0.04 0.02 0.06 0.0
Vitamin and mineral mixb 0.18 0.18 0.18 0.18 0.1
Diet composition
CP (%) 19.85 22.46 25.08 18.97 21.4
AMEn (MJ/kg)
c 12.55 12.55 12.55 12.97 12.9
Calcium (%) 1.00 1.00 1.00 0.95 0.9
Available phosphorus (%) 0.50 0.50 0.50 0.48 0.4
Sodium (%) 0.23 0.23 0.23 0.21 0.2
Digestible amino acids (AA)d (%)
Lysine (Lys) 1.10 1.25 1.40 1.05 1.1
Total sulfur amino acids (TSAA) 0.83 0.94 1.05 0.79 0.8
Threonine (Thr) 0.72 0.81 0.91 0.68 0.7
Valine (Val) 0.83 0.94 1.05 0.79 0.8
Isoleucine (Ile) 0.77 0.89 1.00 0.73 0.8
a Alimets (84%) 2-hydroxy-4-(methylthio) butanoic acid, 49.3% CP, 4014 kc
b Supplied per kg of feed: vitamin A: 8000 IU; vitamin D3: 2000 IU; vitamin
2.5 mg; vitamin B12: 0.012 mg; pantothenic acid: 15 mg; niacin: 35 mg; folaci
I: 0.7 mg; Se: 0.3 mg; Maxibans (Nicarbazin 40 mg; Narasin 40 mg) 100 ppm
(Eli Lilly Brasil, S~ao Paulo, S.P).
c AMEn¼apparent metabolizable energy corrected for retained nitrogen.
d Obtained with the use of digestible coefﬁcients from Rostagno et al. (2005
0.65; Val: 0.75 (1–21 d) and 0.78 (22–40 d); Ile: 0.65 (1–21 d) and 0.67 (22–403. Results and discussion
Ingredient and nutrients in the diets are presented in
Table 1. Formulated and analyzed CP and AA were similar
(Table 2). Analyzed AA values of diets L, M, and H
followed the expected 12% formulated differences
between those diets.
Males exhibited greater BWG and FI as well as better
FCR than females throughout the experiment (Po0.001)
(Table 3). Data from 40 days processing showed that the
percentages of eviscerated carcass, deboned breast meat
and abdominal fat were greater for females than males
(Po0.001) while percent leg quarters were greater in
males than females (Po0.001) (Table 4).
Increasing AA density, regardless of sex, resulted in
improvements in BWG with diets from the L to M feeding
program between 1–28 days (Po0.0001) and 1–40 days
(Po0.05); however, further improvements were not
observed between the M and the H diets in either period.
Improvements in FCR were observed for all AA density
increments at both age periods (Po0.0001). Reductions
in FI (1–28 days) occurred as AA density increased in diet
H. However, in the period from 1 to 40 days there was an
interaction between AA density and with Sex with males
responding with reductions in FI as AA density increased
whereas there were no differences for females (Table 5).22–35 d 36–40 d
erate High Low Moderate High Low Moderate High
4 46.94 64.70 56.85 48.93 67.27 59.42 51.44
3 43.14 26.98 33.67 40.38 24.89 31.58 38.30
3 5.84 4.39 5.68 6.99 4.34 5.63 6.96
8 1.94 1.89 1.86 1.83 1.63 1.60 1.57
3 0.79 0.84 0.81 0.77 0.76 0.73 0.70
2 – 0.38 0.14 – 0.27 0.04 –
3 0.48 0.17 0.34 0.43 0.22 0.38 0.41
7 0.44 0.25 0.31 0.37 0.23 0.29 0.35
9 0.17 0.18 0.14 0.11 0.19 0.16 0.12
5 0.06 0.03 0.03 0.03 0.03 0.03 0.03
4 0.02 0.06 0.04 0.02 0.05 0.03 0.01
8 0.18 0.14 0.14 0.14 0.14 0.14 0.14
1 23.84 17.88 20.26 22.65 17.14 19.53 21.91
7 12.97 13.39 13.39 13.39 13.54 13.54 13.54
5 0.95 0.90 0.90 0.90 0.80 0.80 0.80
8 0.48 0.45 0.45 0.45 0.40 0.40 0.40
1 0.21 0.19 0.19 0.19 0.18 0.18 0.18
9 1.33 0.96 1.09 1.22 0.92 1.05 1.18
9 1.00 0.72 0.82 0.92 0.69 0.79 0.89
7 0.86 0.62 0.71 0.79 0.60 0.68 0.77
9 1.00 0.75 0.85 0.95 0.72 0.82 0.92
4 0.95 0.69 0.80 0.90 0.65 0.76 0.87
al AMEn/kg, 12% Calcium, Novus International, Indaiatuba, SP, Brazil.
E: 30 IU; vitamin K3: 2 mg; thiamine: 2 mg; riboﬂavin: 6 mg; pyridoxine:
n: 1 mg; biotin: 0.08 mg; Fe: 40 mg; Zn: 80 mg; Mn: 80 mg; Cu: 10 mg;
from 1 to 21 days; Cobans (Monensin 40%) from 22 to 40 d 110 ppm
) to provide minimum ratios of AA to Lysine as follows: TSAA: 0.75; Thr:
d); Arginine: 1.05; Tryptophan: 0.19.
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breast meat yields (BMY) in a weight basis per animal
(Po0.05) as well as a carcass percentage (Po0.01) with
M and H diets not showing difference between each other,
H being higher than L, and M not differing from the L diet.
Abdominal fat was also affected by AA density, but this
response was dependent on sex with interactions being
observed (Po0.05) for the total amount as well as for the
percentage of abdominal fat of birds processed at 40 days
of age. Interaction effects led to males reducing both the
amount and the proportion of abdominal fat from L to H
diets, whereas females did not show differences between
AA density diets.
Comparisons between broiler studies done with feed-
ing programs varying in AA density are difﬁcult because
variables such as genetics and body weight at processing
are widespread between studies. Concentrations of AA in
the feeds as well as ratios between essential AA to Lys,
and whether the work was done on total or digestible AA
are also important sources of variation that hinders
comparisons between these types of studies.
Broilers are processed at different body weights depend-
ing on market demands worldwide with individual body
weights varying from as low as 1.5 kg (for whole carcass
grillers) to as high as 3 kg and above (for deboned breast
ﬁllets marketed). Feeding, as a proportion of the total live
production cost, increases as broilers are processed at later
ages and concentrations of essential AA in feeds represent a
large portion of the feed costs. Therefore, the decision on
using high cost AA density diets (which, however can
improve FCR) or low cost AA density diets (which, however
may lead less sealable meat), is critical.
Increased growth rate through genetic selection has
led to less feed being consumed per unit of BWG
(Havenstein et al., 2003). Considering that this genetic
selection has also been consistently leading to increases
in meat yields, AA allowances needed to achieve these
gains are also higher (Dozier et al., 2008b). Between all
essential AA, Lys is the most critical for breast muscle
development with Pectoralys major being more sensitive
to deﬁciencies of Lys than any other muscles in broilers
(Tesseraud et al., 1996). Since expected demands for
dietary protein and AA are higher with high yield broilers,
these birds are expected to respond better to feeds having
higher protein to energy ratio than in the past (Gous,
2010). In the present study, improvements in BWG from L
to M feeding programs, without further beneﬁts from
M to H, were studied. Improvements in FCR, however,
occurred between each of the two increased steps in AA
density. Others have reported that higher AA concentra-
tions are frequently needed to maximize FCR in compar-
ison to BWG (Leclercq, 1998; Vieira et al., 2004b).
In the present study, feeding H diets maximized BMY
when compared to L diets as it was found in other
researches conducted with the use of a similar design
(Coneglian et al., 2010; Corzo et al., 2010; Dozier et al.,
2006a,b). However, it is very difﬁcult to compare
responses seen in the present study with other AA density
studies since major differences exist in the way feeds
were formulated. Recently, AA density research has been
conducted using diets formulated with AA requirements
Table 3
Growth performance of broilers fed diets with varying amino acid (AA) densities.1
Treatments5 BWG2 (g) FCR3 FI4 (g) Mortality (%)
1–28 1–40 1–28 1–40 1–28 1–40 1–28 1–40
Main effects
Sex Male 1641a 2828a 1.231b 1.538b 2272a 4324a 1.83 4.99
Female 1439b 2391b 1.259a 1.604a 2067b 3859b 1.33 4.17
SEM 4.80 7.31 0.003 0.005 7.25 17.46 0.41 0.63
AA density High 1552a 2631a 1.189a 1.530a 2109c 3992c 2.50 4.75
Moderate 1560a 2612a 1.237b 1.560b 2177b 4082b 1.00 5.75
Low 1509b 2586b 1.308c 1.622c 2222a 4200a 1.24 3.24
SEM 6.87 10.46 0.003 0.003 10.37 12.34 0.58 0.89
Probability
Sex o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 0.5542 0.5542
AA density o0.0001 0.0308 o0.0001 o0.0001 o0.0001 o0.0001 0.2934 0.5135
SexAA density 0.3065 0.4621 0.3264 0.0600 0.5055 0.0015 0.1126 0.3313
a–d Means within a column not sharing a common superscript differ (Po0.05).
1 Means are based on 24 replicates per sex and 16 per diet, each with 25 birds at the beginning of the experiment.
2 Body weight gain.
3 FCR, feed conversion ratio corrected for mortality.
4 Individual feed intake.
5 Moderate treatments were formulated with 1.25, 1.19, 1.09 and 1.05% digestible Lysine from ﬁrst to last diet whereas High and Low being 12%
higher and lower in digestible lysine and essential AA with minimum ratios to Lysine as: total sulfur AA 75%; Threonine: 65%; Valine: 75% (1–21 d) and
78% (21–40 d); Isoleucine: 65% (1–21 d) and 67% (21–40 d); Arginine: 105%; Tryptophan: 19%.
Table 4
Body weight carcass yields and percentage of cuts at 40 days, of broilers fed diets with varying amino acid (AA) densities.1
Treatments2 Body weight (g) Carcass3 Abdominal fat4 Breast meat5 Leg quarters6
40 days % g % g % g % g
Main effects
Sex Male 2859a 78.7b 2,241a 1.71a 38.0a 30.6b 687.6a 32.5a 730.4a
Female 2438b 79.8a 1906b 2.16b 41.0b 31.9a 609.6b 31.1b 591.5b
SEM 16.71 0.19 10.85 0.05 0.77 0.14 5.99 0.07 3.70
AA density High 2668a 79.6 2086 1.74c 35.5c 31.5a 658.5a 31.8 664.5
Moderate 2657a 79.0 2076 1.90b 38.8b 31.2a,b 648.2a,b 31.8 664.2
Low 2633b 79.0 2060 2.16a 44.1a 31.1b 639.1b 31.7 654.1
SEM 6.62 0.24 15.28 0.06 1.09 0.14 6.43 0.10 5.23
Probability
Sex o0.0001 0.0002 o0.0001 o0.0001 0.0477 o0.0001 o0.0001 o0.0001 o0.0001
AA density o0.0001 0.0992 0.6015 o0.0001 0.0002 0.0321 0.0186 0.8110 0.4345
SexAA density 0.1447 0.8712 0.7658 0.0139 0.0115 0.6765 0.6818 0.1689 0.2719
a–d Means within a column not sharing a common superscript differ (Po0.05).
1 Means are based on 10 birds randomly taken from 24 replicate pens per sex and 16 per diet at 40 days.
2 Moderate treatments were formulated with 1.25, 1.19, 1.09 and 1.05% digestible lysine from ﬁrst to last diet whereas High and Low being 12%
higher and lower in digestible lysine and essential AA with minimum ratios to lysine as: total sulfur AA 75%; Threonine: 65%; Valine: 75% (1–21 d) and
78% (21–40 d); Isoleucine: 65% (1–21 d) and 67% (21–40 d); Arginine: 105%; Tryptophan: 19%.
3 Eviscerated carcass without feet or head, total weight per carcass or percentage of the carcass.
4 Fat adhered to abdomen after evisceration, total weight per carcass or percentage of the carcass.
5 Boneless-skinless Pectoralys major plus Pectorlys minor muscles, total weight per carcass or percentage of the carcass.
6 Bone in thighsþdrumsticks with skin, total weight per carcass or percentage of the carcass.
D. Taschetto et al. / Livestock Science 146 (2012) 183–188 187set in a digestible basis and based on ideal AA to Lys ratios
(Coneglian et al., 2010; Corzo et al., 2010). However, most
of the published work on AA density are from the studies
conducted using total AA requirements with ratios
between essential AA and Lys often not maintained
between treatments within the same feeding phase.
Therefore, confounding effects between the increases of
one AA in some diets without corresponding increases inother AA exist. This has been frequently the case with Lys
(Dozier et al., 2006b; Kidd et al., 2004, 2005; Quentin
et al., 2003). In the current study, AA ratios were ﬁxed
within each feeding phase and, therefore, muscle growth
limitations from one speciﬁc AA deﬁciency were not
expected between each graded increase in AA density.
The study conducted by Corzo et al. (2010) serves as
a direct comparison with the current one since AA ratios
Table 5
Feed intake and abdominal fat interaction between sex and diets of
broilers fed diets with varying amino acid (AA) densities.1
Sex AA density Abdominal fat Feed intake
1–40 d
% of Carcass g per bird
Male High 1.41c 31.5b 4158b
Male Moderate 1.71b 38.6a,b 4356a
Male Low 2.07a 45.9a 4441a
Female High 2.07a 39.6a 3835c
Female Moderate 2.16a 41.5a 3824c
Female Low 2.28a 43.2a 3944c
SEM 0.08 1.75 31.44
Probability 0.0139 0.0115 0.0015
a–d Means within a column not sharing a common superscript differ
(Po0.05).
1 Means are based on 8 replicates per treatment with 25 birds at the
beginning of the experiment.
D. Taschetto et al. / Livestock Science 146 (2012) 183–188188to Lys in a digestible basis that they used were similar
to those utilized in the present study. The only major
difference was in the AA density of the L diet; with the L
diet in the present study corresponding to the M diet in
Corzo et al. (2010) study. Interestingly, regardless of the
nomenclature given for the treatments, live performance
and percentage of breast yields from broilers were max-
imized at similar AA densities in both studies.
4. Conclusion
In conclusion, the data from the present study demon-
strates that AA densities currently used in the majority of
broilers produced in Brazil (M dietary program) was able
to maximize body weight gain and breast meat yields of
CobbCobb 500 slow feathering male broilers. Using
dietary feeding programs with 12% higher AA density
but with the same dig AA to Lys ratios can provide further
gains in FCR. The choice between the three AA density
used in the present study will eventually depend on the
ingredient costs at the moment of feed formulation.
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